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ABSTRACT 

Phase I of the prograa wharcin photoelastic, 
ultrasonic powar n»««ur«nent, and temperatura da- 
tarainiiig aathoda wara daralopad to implamunt ata&y 
of the ultrasonic «aiding mechanisa, is rariawad» 
The current effort involves analysis of the tran- 
sient internal stress pattern associated with for- 
■ation of such bonds, the arrangaaant of various 
■atals and alloys into an "order of wsldability" 
baaad on power required to make a «aid and con- 
sideration of the various aetallurgical phenomena 
that have bean observed in vibratory «aids« 
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i.   UTTRODDCTIOB 

The object of this r«March prograji la to drralop a phonorwnolocleal 
thaory of nltrmsonle voiding that «HI aecoont for tho obaorrad offoeta 
and that can bo uaod to lavrovo the doalgn of ultrasonic woldlng aqaipBaat 
and axtand ita aaofolnaaa In Joining tho nawar» high-taaporatnra« oorroalfl« 
raaiatant aatariala of particular aignlfieanea to tho Tariooa Military and 
Atomic BBargy orograMS, 

Phaaa I of this irrreatigation inrolvod tho daralefant. of apacial in- 
atnaaantatian and taehnlqnaa luplielt in esoarating and intarproting la» 
fonuktiea fro« «baarrablo intaracting faetera ivrelvod in tha ultraaonie 
«aiding procaas.    It includad praliitinarjr ata^f af earialn ultraaonie «old 
pi——i and conaidarod tha infloane« of aatarlal prepartiaa on walda- 
bility.    In particular, 

(a) 

(b) 

oridanea harLng shown that ultraaonie «aiding aagr ba 
accoapliahad at laaat in part» aa a raaalt of dafonutiea at and 
naar tha intarfaea baing Joinad,it «aa clear tha* «adarataadiag 
af tha tranaiant atraaaaa prodaeiag auch dafonaation ia iaf>ertant. 
Tnua, photoolaatie tachniquos «are conaidared and later daralcpod, 
aa that tha internal dynamic atraaa pattern aaaocdatad «ith the 
applied atatic and auperiapoaed oscillating «bear fore« aaaociated 
with «elding could be obaarred and photographed« A special rtrain 
fra«a for applying tha requisite fpi-oe syate« «aa dsneed and 
routinely utilised. Recourse to tha laborioua fresea atraaa tech- 
nique «aa obrletad by derelopaant of direct obaerratioa triaxially 
reatrained photoolaatie ■odala« This work «aa carried far enough 
that ita usefulness in studying this facet of the walding prooeaa 
«aa reaaonably wall established. 

It being self «ridant that a theory of the mechania« of Tibratory 
«siding anst eonaicVar the energy required to produce a weld, tha 
Phase I work considered arenues by which «e could ascertain net 
power and the instantaneous waluaa thereof in tiee, during which 
a «eld «aa generated« Mo practical Method for eeasurlng trans* 
■itted ultrasonic power «aa available but analysis indicated a 
standing elastic «awe measurement technique to be possible and 
oapable of standard, oaeillographie data recording, Tha method 
«aa drrsloped» ita validity established in calorimetric expert- 
mente, and ita use reduced to routine. It ia to be noted that 
this approach la inclusirei e.g., kneeing froqnency, power and 
ita rariatlon in tine, such ancillary rariablea aa tip amplitude 
are easily obtained when there ia reason to know it* Nora im- 
portant, tha actual «eld impedance daring formation can be ascer- 
tained and thia ia fundaaatal to developing tha process and 
eqnipeient to Ijaplement it« Consideration «aa given to deteraining 
the energy passing through end beyond tha «eld aone, sinoe thia 
toe ia included but must be deducted, fro« the transmitted 
ultraaonie power data obtained with the SWR technique. 
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(•) It bain« mil knom that th«r« !• • tmqmvimm  riM of saw 
■tnllait darlac th« forMtlen «f «n «ItrMonie ««14« th« nmmä. 
f«r r«li*bl« inf«mstlon an wsIA IOM h««ting «ad mMMltj for 
corr«l»tion th«r«of with th* proeoss Tmrlablcs was obrioa«. 
Matarial proptrties ar« tranalently affaataA by heat| racryatal- 
li»atiao,dlffubion, phas« ehaaga and th« poeslble iBtaraetlo« of 
■neh a«4al »tallurgieal phaiMaana with vibratory straaae«, all 
polntad to th« nood for a practical toohniqao to datondJH 
11 ■—iMrt toaponttoroa at tha weld son* inter fac*. Accordingly, 
a aingl« fin» wir* thamocoapla taohnlqn* was d*T*lop*d to aeccn- 
pliflh Mzising, Area which rapid respons« «quipswiit prodacad r*- 
prodaolbl« records. Th* tccdtniqa* was utilis*d to obtain par*- 
lisdaary bat significant information on th* process Tariable* — 
power, ill aspf f torn,  aad weld tia* for th* »aterlals, copper, 
alwal — aad iron.- Validity of th* teaperattares obt*.lned 
eonfinasd by means of a aeltable 1a*si 1 teohniqae. 

(d) Explorations were made into the characteristic of th* int*rf« 
distarbanee reatinsly obserred la ultrasonic welds in rarioaa 
■aterials aad eereral metallürgieal phenoHena laftladiin re- 
erystAllisation and diffusion rmrm  noted. This faoet of Pha** I 
••rred to orient mach of th* work that «ill be carried «at a« 
Phase II progresses, da antoradiographlc technique inrelring Beta 
eaiasien «a* utilised *xp«rl»entally a* a candidate teohniqae far 
studying Interfacial displacaMsnts where standard metallography 
la laaiafaat*« Lower energy Beta radiation was il*a*si essential 
te ebtalning meaningful information in th* oourae of this RUM II* 
Metal displaoemen^ recrystalllsatlen, diffusion, phase traaaforaa- 
tiaa, aad «isoellaneous effects were noted in rarious materials. 

(•) A statistical approach to define th* relation of material proper- 
ties to nltrasonic weldabllity «a« oonsidered at length, bat th* 
eaaplexity thereof and time inrolved appeared to be excesaiv«. 
******* in dereloping the SWt method for asaauring the net energy 
i,*fir*d to generate a «aid suggested a lass complex method| e.g., 
thai «a "order of weldabllity" In terms of energy and natarial 
thlckneaa should yield a correlation with certain material 
propertlea which could be determined by syatematic analysis of 
-«sterial propertlea data, including properties at temperature. 
It was determined that the nm*   ^nergy involved in generating a 
wsld of a unit area between, for example, two sheets of 0.001- 
inch thickness alumlnaa, and stainless steel, embraced a large 
rang* — in th* order of 1 to 100 watts, respectively, with copper 
sheets of the saas thiokraas falling between. 

On th* basis of preliminary data acquired in Phase I, it is c 
eluded this approach merits aggressive pursuit« 
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ii.   gaggg BMH 

anaas DisraiBPnow IM THI «U ZCTB 

RMM I of this aapaet of the inr»«tlg«tl«m «cec«pli«h«<l th« d^relop- 
__jt of m «train frm for lo*dlng photoelartlc ■edala in • f««hion to 
•■MBtially d«pllc»t« «ny i-nattntrnvaoam  lo«ding condition •aaeeiatad with 
the aetanl «ccowplielwent of a bond between two pieeea of sheet »etel 1.7 
■eena oT  altraeonlc «eld» (!)♦• 

Suitable direct ObMrmtieB triexlelly restrained photoeleetio 
■odels were dereloped which penaLt obeerretion of a Ohanglnc «tree« pattern 
(2). Notion pictures «honing the whanging strees pattern a« it can bo ob- 
»erred with «aoh triexially rertreined »odels, «or« obtained. It was ob- 
«erred that «hen the "vslding* tip reaches th« stick-slip condition, ▼»ry 
rapid and significant changes take plaoe in th« stress pattern« With theee 
■odels, resort to the laborious froson stress technique can, within prac- 
tical Ijjsits, be obriated. 

k  sinple plank nod^l was «hewn to be sufficiently sinilsr to the tri- 
exially restrained model that it can be used with reasonable accuracy for 
study of static conditions aaaoeiatod with normal loading, normal plu« 
tranareree loading just prior to «lip, and normal pin« tranarerse loading 
Jnat after «lip« A« th« work progresses and the weld-producing stresse» are 
understood, the triexially restrained models will be utilised to modify the 
data öbtainsd fron the plank nodal« by Inspection. 

Literatur« study disclosed Information on point-loaded model» only 
(3, h,  «ad 5) «ad nothing nor« parallel to the situation existent in ultra- 
sonic weld geoawtry appears to have been published. Adäquate undaratandlag 
of th« situation should Include dlfferentieting local «lip fron gress 
sliding, and require« detailed analysl» of photographic data obtained froei 
photoelaetic nodal« loeded as outlined abore so a« to prorid« «ridono« «f 
both noneal »trea« (tfC.) «ad shearing stress CC-) distribution at th« 
affected interface. ' ^ 

Such eeapleto photoelasl.ic analysis i« not uanallj don«, ordinarily 
being carried but far enough to obtain th« Mad— sheering stress gradient 
(by counting fringes). When the principal stresses nut be eralnatod, it 
1« neceeeary to make a eaaprehenaiTa «nalynis, «« in thi« case. 

Aoeordinsly, the follouing innrestigatlon i« in progress! 

Photoelaetic plank models similar to those deecrlbed in Phaee I, 
Progress Report Mo. 2, Figure 2, are being loaded under the following 
ooodition«! 

Mvofcers in parenthesis indicate items in the List of References at th« 
end of the report« 
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a.     Tl» rvdlma, 30-« («qolTalMit to 3-laeh tip radius on O.O^O-laeh 

b.     lonul feroa» 300 pounds 

••      Lataral foroa ai "atick-befora-«lip", 76-80 pound« 

d.     Lateral foroa Juat afWr «lip» 85-90 poanda 

Frinca pattam« ara photographed aad Isoclinlc pattams ara photographad 
at 15-dagraa laera—nt» in polarising angla.    Proa thaaa «lata tha aeival 
and shearing atraaa valuaa ara «btaiaad analyü^lly by mtiliiing aqnationa 
tnm Laa (6) a« foliowa« 

«"«1 

^W    - Oi. ♦   I -i-Ä   *t - o 
'*-*& *7 

(1) 

(t) 

^-^ i /55 -c^)« - IVrV» (3) 

Tw ^ *aariag atraaa« 

^1 - ^ la dif faranaa in tha principal atraaaaa» 

0   ia angla of iaoolinio, 

er», ia oaaponant of prinoipal atraaaaa along tha x asia 

ia ouaponont of principal atraaaaa at original salaotad.^, 

ia ihaariBg atrasa gradient in j dlraation at point of intaraat. 

«I 

'S 

<fj   ia tha nonaal atraaa* 

Tha raanltiag inforaaUen la balag plotted, aa la Flgara 1 ahiÄ quali- 
tatifaly illaatrataa aoewaOatiag data far tha aiagla oaaa of noraal plaa 
truurrarao loading Jnat prtor to «lip. It praaantly appaara, on tha baala 
of inooaplota plot«, that th» «haar atraaa at tha iatarfaoa on CM «id« of 
th« axLa ia «liaaat. co«plataly raliarvad during half of tha axeurai«a OTOIOI 
«haraaa, tha «tear «traaa at tha iatarfaoa «a tha appeaita «ida of th« 
axi« 1« greatly iaeraaaad* Whan th« shearing stress locally MM««*« tha 
—Tl— paaaihla "noa-allp" shearing atraaa in BOM locale, local «lip, 
but net graaa «11ding, «ill occur. 

The trend «f infomation fro« th« photoelaatic «tudle« i« throwing 
light «n paat obeerration« that hare net been oaatflataly uaderatood, a 
aa, far axMpla, tha T**-*-*  central area found in «alda between fairly 
thiak «haata «if mteriali tha apparently differing parfonMnaa «f tha 
wedge coupling sywtea «ear tha lataral dri-ra horn-type coupling syvtea, 
«hich is «oft in bending. 
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As r«M«reh into th« ftetawntals of «lirsMnlo MKinc pwtMii Int« 
thi« adranomd phaaa. It la «•■irabla to r«TlMr and rveap Mrt*la 
■trvetnral eharaatarlatlea that h«T» b««B öbsvrvad la 
fMa tlaa to tijM as this jolnlnc irossss has srolvsA« 

eaa eeeor wlthoot saffislavt local teat gonoration to hs 4B* 
tastahls la tha siarestraetara« Bonds of this aert «xhibit latwya^atra 
tioo of tho aating aarfaaaa and/or atohanlori dlmraptioo of ■arfasa fllaa. 

ara ahena la risaras 2 and 3* 

la Figora 2a, aota tha high dagraa of intorpanrtratioti. la aaa araa* 
tha brar haa latradod apprexljiatoly 7$% of tha nlekal thiokuaaa. fha 
goad-flatsd aarfaoa of tho Eavar haa haan disparaad throogh «ha highly 
worted ragioiia. Thar« ara no dlsoontiaalUoa along tha iaMrfaaa «laapita 
tha largo iatarponatratlon. Tho aooond phaaa in tha lorar tonda to liaa 
ap in "atriaga* la tha vorkod rogiona aad ia naaffootod la tha i Miiadar 
of tha aatarial. 

Xa FLgars Wb,  tha intorfaoial rlploto of tha aiatel ■iiljlnliasa walA 
a «trikiag i ■■^pl i of tha plaatia flaw «high assars laoally. lati Mpti 

i ha »mm hy tha dark patohaa on tha right. It i» ailraMly diffi- 
aalt aad oftoa iwpaaalhlo to difforontiato katwawi add flow ac 
Uaation hjr optioal aoaaa ia ouch laaaliaad rvgions. Thsra is 
porlodieity ia tha rlpplaa at tha iatarfaaa* 

Ia rigars 3at tha latarpaaatratiaa of tha tilaalaa heiyTMM wold is 
izaapla of tha aataal aarfaoa daf omatioo Shi* aay oftan ha ak- 

in diaaladlar aatal «alda* Tha awirla eharaetorirtio of Plgaroa ta 
aad 2h aaa ha ihaia lad ta aaaar aa a Mall aaala alaai 

Pigara |h lllaatrataa tha axida dlaparsiaa »hich aaaara daring tha 
hooding of 0.012-inflh UOMQii all 

DiaaiaQar aatal wold« way also oxhlblt ahrioaa aiarestraetaral 
rasoltiag froa boat gonaratod in tho aatarial during tha fc 

tion of tho bond. A typical axaaplo ia abown ia Fignra U, ia whioh tha 
acicular atraetora of tha titaaiaa alloy caultod fr«a aaoaadi ng tha Bota- 
traasfonutioa taaparatora. Tha photograph waa takaa naar tha adga of tha 
wold apot. Botioo tha uarratar« of tha traaaforaad tona aa it approaohaa 
tha adga of tha spat. Oboorro tha iataraatallie eoaqpoaad foraad along 
tha intarfaoa aad tha diffuaion gradient at tha adga of tho haat-affaotod 
toaa. 

Pigoraa 5a and 5b ara axaaplaa of laealiaad raoryatalliaatioa. Tho 
aarfaoa fila ia pariadieally diaparaod along tho intorfaeo and rooryatal- 
litation aad growth haa oooorrod in thoaa raglona. 
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•    ■   ■   ■   ■ 

■    i   . 

(•) TltaniiiH (0.003 in. thick) and 
B«rylll» (0,050 in. thick) 

Etchmnti    HXk ♦ HF ♦ BLO 
Magnification i    )»0QZ 

">^*J- 
'<^%^^ *■:.<   - 

(b) llOO-mU Almiinm ShmmXm (0.012 in. thick) — 
Showing Maehanieol Di«p«r»ion of Svrfae« rila 

Etchantf    0,$% RF 
Magnification»    5001 

fLffOr« 3.     PHOTCMICRCORAPHS Of INTERPENETRATIC» OF MATIMQ SURFACES 
Or DISSIMILAR METALS AFTER ULTRASONIC WELDINO 

' 
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Figur« U.  PHOTCMTCROORAPH OF INTER PENETRATION OF MATING SURFACES 
GT U30 STAINLESS STEEL (0.02U in. thick) AMD A~110-AT 
TITANIIW ALLOT (0.028 in. thick)—SHCWINO STRUCTURAL 
CHANGES IN THE TITANIGM ALLOT RESULTING FRCM HEAT GEN- 

ERATED DURING ULTRASONIC WELDING 

Btehantt HF ♦ RNO» 
Magnificationi 1501 
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(*) 1020 StMl (0.020-in. thicknesses) 

Etchanti 2% K.U1 
M«gnifie*tioni 20QX 

(b) 1020 StMl (0.020-in. thicknesses) 

Etchanti 2%  Nital 
Magnificationt  5001 • 

Figur« 5.  PHOTCMICROaUPHS OF IHTERPENETRATION OF MATIl» SIRFACES 
Or 1020 STEEL—SHOWIHO LOCALIZED RECRTSTALLIZATIOM 

ALONO THE INTERFACE 

10 
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Im Tigv« 6« tte «aid wmm m*dm without prior nrf ao« preparation bo- 
ihoata af laoonal Z aftar solution treating and aging. In tha a gad 

eondltlaa tha praelpitato appaara throughout tha grain« and prafaraatially 
in tha sraln hoandariaa. In tha aal^hhorhoad af tha intarfaea» tha ooeida 
aaala la dioparaod and tha (rain beundaria« appaar to atop short of tho 
intarfi 

Tha pracipitata which dalinaataa tha boundaria« ha« disoolrad in thla 
rogio«. Slaaa solution tMiparaturaa for this allay ara in tha ricinity af 
Z100*TV quit« hifh laaal toaparatoras apparantly «ara raaohad in thla araa» 
In all oaaaa «noonntarad ta data« "atehing rasistanoa," not a—— in an 
ultraaonio mU« oan ba axplainad on tha baai« af solution of tha aaoondary 

tha microstruetural ohangas attributed to heating is a unique 
straoture daaalapad« apparently, by tha ribratory stress acting on the 
plastic eatarial. The «iorostructural character of the material is such 
aa to present a block-like appaaranoa* Close exaaination reveals that tha 
grain boundaries ara nodlfiad into a sigsag pattern* It appears that tha 
■ediflaation or shift of tha boundaries into tigaag aegnsnts preswtaa this 
■blook" structure.» The fully devaloped block structure is shorn in 
Figure 7. 

In general, grain and interphaaa boundaries exhibit smooth curvatures 
unless there is an orientation dependence} in which case the boundaries 
would beoosM straight with a direction corresponding to a ninLmn energy 
orientation or they nay readjust theaaalvss irto sigaag straight line 
sspasnts with «ach straight segmsnt in a low enargr arian'»ation» Only 
three such oaaaa ara known to occuri tha cohere.icy boundaries of 
Wldmanstatten straetares, the boundaries of taiit-related crystal« in tha 
faoe-oentered cubic systsn, and polygon!»ed boundaries,** The chief of feet 
af stress applied at high tewperature« is to asaelerate polygonisation« 
The nation af dislocation boundaries oan eithsr he atre««-induced or dif- 
faaion-oontroUed (elij*>). 

Section« of walda in Ti-8 Mn alloy» end 302 stainless steel were 
to detsndne uhsther the "block" struoture 9.\s orientation de- 

. i., uhsther the stmeture waa dependent on the vibratory 
■otion of the welding tip and/or the rolling direotion of the sheet. 

' 

* k  s ass what sinilar «truoture has been observed by bar and Pratt (lota 
Hotallurgiea, Vol. 6, July 1958) on upquenching a sodium chloride single 
crystal. These Investigators attribute the structure to plastic defor- 
mation which produce« "wavy slip" bands a« they call them. This type 
of structure is characteristic of deformation above 300*C, 

** Another example of a similar structure has been reported by Rogers and 
-•>-      Atkins (J. of Met, Trana,, p. 620, May 1956), They obtained a striated 

pattern in quenching a Zr-12Jl Cb alloy from 12$0,C and attributed the 
structure to rapid cooling through tho transformation region« 
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AKNOmOJIOT«   INCONPORATSO 

It wwi ebMrwd that th« rolling dir«otion had no effect en the de-relopaent 
of the ■trueturai howeror» the pattern was different In aeotlona talom 
l^fttntllnany and tranvrerealy to the direction of vibratory notion» In 
the longitudinal •eetione the boondariee tend to be arranged in directiona 
parallel and nemal to the interfaoaj the orientation of the bonndarie« ia 
■ore raadOB in section« normal to the rlbretory direction, flgurea 8 and 9 
show this orientation offoot« 

The ■bleok" stmcture has been obeerred in the foe alloys K-Monel, 
30t stainless steel, 202k alcsd-nu«. Inconel X, L-60$f Ineo 702, Sad th» 
bM plkMe ef the Tl-8 »B *ll«r.» 

The qaestlon of diffasion reaction« darlag welding is difflcalt te 
rmwtitf  sn the basis ef knswn static diffusion coefficients« The short 
welding tines tend to dissuade one frcn the view that diffusion en an 
ebaerrabla seals could take plaoe. Hosswnr, the influence of ultrasonics 
sa dLffUisn phsMwns sast be considered, and» although the literature is 
rolatively barran in this rsgard, a possible aooalorating effect eannot 

Serveral dear srsnples of diffusion occurring during voiding 

Lsns of diffusion between copper and sino presented in 
Referenoe (7) havs boon suppleawatsd by the indication of diffusion which 
•eeurs in another weld «y«t««. k weld nada between a 0,030-inoh thick 
ahsst ef type 0-4 tool steel*» and 0,030-inch Ameo Iren is shown in 
Figure 10« The wslding parameters wars U200 watts, 600 pounds clawping 
force, and 1*5 seconds exposure time. Ccwpared to the wolda between the 
alnainini copper alley, this systan would be expected to possess sawaral 
advantages aa a diffusion couple because of the existing concentration 
gradient, law thermal conductirity which would be expected to result in a 
higher tanpamtura rise, and, in the praaant case, an Increase in input 
yowar of $0 percent« Vhnthar thermal diffusion in weld couples ia neces- 
sary to achlev« bonding or simply la a result of temperatures generated 
at the interface ia a question which maat be answered on the basis of the 
«hsrsstaristles of momomatal welds. In this respect, evidence to data 
indicates that the latter viewpoint la moat consistent with the experl- 
■ental observations. Ho evidence by either metallographic or autoradlo- 
graphic examination has indleated that material transport by thermal dif- 
fuslMi ia necessary for bonding in monometal wold couples« On the con- 
trary, diffusion (neglecting recrystallisation and growth phenomena or 
phase transformations) has been observed only in the two cases cited 
above in which power levels wore very high and the wold msabara ware dis- 
similar materials. 

* Polonls and Parr (J. of Mat. Trans,, p« £lli. May 1956) have observed a 
block-type pattern in retained /3 phase of Ti-Ni alloys. They compare 
the structure to a similar one obtained by Barrett in Cu-Sl allays 
(Inparfaetians in Bayly Perfect Crystals (1952) p« 97, John Wiley and 
Sons, Ine«, law York) wich waa latarpraCad aa clusters of faults separated 
by relatively perfect crystal layers« Internal strain from quenching 
prepoaad aa an explanation of the origin of the structure. 

«♦ Simaonds 013. Hardening Die Steel« 
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LONGITTOIMAL     SECTIOW 

»•    HONKflMORAfU OF 0.025-1101 THTCOESSES OT 302 STAIÄESS 
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A MM ruiMlMWiltl   qa»«tlon lirrolf«« th« rolm of thm wrf«o« fUUM 
or ■iwl« 1» tha tumiflin nmdbmniwm, mimbm BAOMA   Mtal cont«ot is pjM—i 
MMssarj for bonding to oocnr.    Th« dlscontlnaltiaa in the barrlar filaa 
•r* broBtht «boot by tha r«latiT« ^Uji——f Ifin—<l by the rlbratory 
•etlen of th« Mtiv* sonetrod«.    The d»grM of fUa dioruptlon dopoodi la 
pwrt «a eootreilablo factors auch •• th« mldlat imrmmi%mrm »nd on tho 
iB)wr«»t proiwrtlea of th« fil» aal «ubBtrat« MtwrUl.    Th« laflwn «f 
flla hutmmm aa th» oaa« of proaBur« waldiag ha« boon dl««m«««d by 
TyleeoU (8), th« laflaaae« of «odld« harte««« «a alidln« frletlon ha« 

by Hdtahaat (9) and Bowdaa (10). 

of th« »ignificanoo of «odd« thieknoaa on 
far waldlnK 1« daalrabl«) therofora, aa exporiaant 1« pr«««ntly la 
ration la nhl<* th« inflnonc« of ▼arlou« thiolraosa of aaaüaad eoatings «a 
alail— «HI bo dateraLnad.    Th« braakap and di«p«r«lon of th« «alia fila 
«111 ba fallaaad by lapragnatlen of tha flla «1th a radUaatl*» traaar. 
Jmafaaaata ara balag aada for tha praparatlaa of tha apaaiaaaa «lUi «aa- 
tr«llad oatida thlekaaaa and tha lioanaa far haadQlng th« radtla-aatlaa 

i apiOlad far« 

«a «aa that bonding la «««ally ■—fi—lad by looal voridag aad 
haatlag «ffoot«, lat«rr«ytlaa aad tttaplaoaa.-nt o/ oxie« or othar barrlar 
filaa» aad» la aoaa oaaaa, axtrmarion of pla«tle aatal fro« tha baal 
(not illaatratad)» 

offact la iaportant« Who« \ond 
attaiaad «hioh ara halo« tha raeryataUiaatiun taaTarrtar«» odd 
«ff«eta aueh aa aaahaaieal twinning, daforaatlae beads, aad grain dia- 
tartlaa oeanr* Ocoaaionally, taaparaluraa whioh aailnglj do not fir 
aateaad tha raoryatalllaatlOB taap«rat«ra ara achlavad} la thia eaaa« a 
laai'yatalllaad aaaa along tha intarfaaa has boon dbaarrad« It la 
ball«««A that higher taaparaturaa «r« naoaaaary to pandt tha odga 
aion phanoaaaa« Thia riow la aaaaistaat «1th tha bbaorration that 
»ion has baaa Bated la thaaa aaterlala ahaaa «aid taaiporaturo can b« 
fiarrad aa tha baala of yhaaa traaafaraatlaa« 

la ooaelnaiaat tha follawlag affaata ha-ro baon obaorvad in altraaanta 
«eltet 

1«  letarfaeial phanoaaaa 

ft} sarfaoa flla dlaparaloa 
lafearpanatratiaa 

2,     Working affaata 

ftj ylaatia flow 
«dg« extrasion 

grain distortion 
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AEROPROJBCT«    INCORPORATED 

3*     Heat effects 

(a) reerystallliation 
(b) precipitation 
(c) phase transformation 
(d) diffusion 

li*  Others not specifically identified. 

C.  MATERIAL PROPERTIES AND WELDABILITI 

After the S'WR power measurement technique was developed in Phase I of 
this program, it was utilized in preliminary studies to determine the nst 
acoustical energy required to generate a unit area of weld in aluminum, 
copper, and 302 stainless steel, in each of several thicknessest 

The procedure is tot 

(a) Establish characteristic curves of electrical power required 
to produce good welds (as defined by nugget pull-out in a peel 
test) as a function of clamping force» From such a curve for 
each gage of each material, the minimum electrical power that 
reproducibly produces a good weld is selected. Summary data of 
minimum electrical power required to simply produce a weld 
(without regard to its area) is routinely presented as a func- 
tion of gage as will be evident later« 

(b) Ap^ly the SWR technique at the minimum electrical power value, 
and ascertain reproducibly the net acoustical energy required 
to generate a weld without regard to its area (ll)» 

(c) Ascertain the actual area of the weld envelope from specimens 
obtained in (b) above. 

(d) Compute the net acoustical energy required to produce a weld 
of unit area« 

It must be noted that constant weld time and tip radii combinations 
are maintained. Moreover, energy passing through and beyond the weld 
zone is presently included in all such data presented. This loss factor 
is being carefully considered (12). 

The required minimum electrical power determinations to make a 
weld as from (a) above are summarized as in Figure 11, which includes the 
nrelimina'-y data (13) obtained in Phase I.  New data on several materials 
available at the outset of Phase II are also presented in Fipure 11. 
Thus, a crude "order-of-weldability," based on electrical power to the 
transducer, is becoming evident. 
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ABROPROJCCT« I NCO« ^OH A T ■ O 

Table 1 Hots in ordar of el«etrlcal power required to meke a weld, 
the materiale so far studied, together with Vickers microhardness data, for 
room temperature conditions* 

Table 1 

MICROHARDNESS DATA 

(Listed in the order of electrical power required to nake a weld) 

Mierohardneaa 
Published» 

U5-50 

Measured 

1100-H18-19 — 
1100-0 20-25 — 
Au-.6* Sb (Hard) — 112 
An-.6f Ga — 102.5 
C.P. C* (1/2 H) 75-«5 79.5 
Coin Silver (.002) 109-150 138 
Permalloy — •    m2 
Be-Chi 220-230 250 
302-53 (3A H) — 3«0 
Ziroonim 220-2UO — 

• Conrerted to eqairalent Vickere' «icrohardneas 
data. 

The "order-of-v«ldability" presented in the list of aaterials of 
Table 1 will be altered vhen< 

fel the effect of weld area is introduced, 
net acoustical energy is need. 

and the order is set by net acoustical energy per unit weld area instead 
of by electrical power required to Make a weld« For exawple, larger welds 
are effected in soft 1100-0 than in the harder 1100-HlR. Thus, «hem the 
data is reduced to power per unit area, this discrepancy within the alueimn 
group will disappear* Moreover, there will be sane additional correction 
when the figures are corrected for energy passing through and beyond the 
weld soae into the reflector anvil systen. 

It is not here inpLied or indicated that an ultimate "order-of-welda- 
bility" will correlate with hardness or with any single property whatever, 
for that natter* The problem is complex; properties at temperature saeh as 
elastic modulus, shear yield, thermal diffusivlty, and others are being 
considered. 

Reduction of electrical power data, such as above, to net acouctieal 
energy per unit weld area is proceeding, and suasRary data on the latter 
for all the above and other materials will appear in forthcoming reports. 



ACRO^nOJKCTS   INCO»I^OHAT«D 

III, PUNS FOR NEXT PKRICD 

During the nmxt  period, effort will be expended toi 

1*  Coaplet« photoelastic analysis for the normal loading condition 
without transverse load, i.e., normal stress and shearing stress. 
For the normal plus transverse load prior to slip, compute normal 
and shearing stress at interface» 

2*  Develop net acoustical energy data for materials covered in 
Subsection IXC, of this report* 

3* Develop additional electrical power data for other materials 
(2 thicknesses of tantalum, 0.005 and 0.010 inehj and 0,010- 
inch thickness of Molybdenum). 

It*  Initiate the acquisition of weld tone temperature data during 
determination of minimum electrical power and net acoustical 
energy* 

5*  Initiate experiments to determine the fraction of power lost via 
the amril system for several materials* 

It is expected that Phase II of the program, Fundamentals of Oltraaenle 
Welding, as outlined in the current contract will be finished on schedule 
and within the funds allocated* 

i 
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